This research study has an aim to evaluate and investigate the effect of various rejuvenation heat treatments on microstructure of long-term serviced cast nickel base superalloy grade GTD-111 used as turbine blade material. The evaluated reheat treatment programs consist of solution treatment at 1195°C for 2, 3, 4 and 5 hours then following with primary aging at 1120 • C for 2 hours and secondary aging at 845•C for 25, 50, 75 and 100 hours, respectively. All reheat treated microstructures were examined and analyzed by SEM and image analyzer. From all obtained results, it was found that the most proper solution treatment duration was 5 hours to provide the most uniform microstructural characteristics, which consist of the uniform distribution of very dense gamma prime particles in the matrix as well as its highest hardness value. Furthermore, when increasing the duration at secondary aging at 845 • C over than 25 hours (which is according to standard heat treatment), such microstructure provided the most gamma prime phase stability comparing to those of other reheat treatment programs.
INTRODUCTION
The objective of this research work is to investigate the effect of precipitation aging condition on final reheat treated microstructure in cast nickel base superalloy grade GTD-111. The alloy plays very important roles in land-based power plants as turbine blade material in gas turbine engines. The service condition in gas turbine engines for turbine blade are very severe, the alloy material has to resist very high loads at very high temperatures for long-term service [1] [2] [3] [4] . The microstructure of the alloy consists of some strengthening mechanisms such as solid solutioning, carbide strengthening and, the most important, the precipitated phase strengthening. The proper microstructure of the alloy has to consist of precipitated intermetallic phase, which is gamma prima phase ' , Ni3Al) to efficiently block dislocation movements in many mechanisms at elevated temperatures. This microstructural characteristics required to stand such very severe service condition due to its very good mechanical properties at elevated temperatures such as tensile , fatigue and creep strengths. The proper microstructure should consist of the maximum volume fraction of ' -precipitated particles with uniform distribution in matrix as well as the proper size and shape of the ' particles. These required microstructural characteristics can be obtained by proper heat treatment condition for the alloy after casting process. However, long-term serviced material with degraded microstructures can be also rejuvenated by reheat treatment for microstructural refurbishment. From many previous works [5] [6] [7] [8] [9] [10] , the conditions of solutioning treatment and precipitation aging are very vital to provide the different final microstructure. Therefore, this research work has an aim to modify reheat treatment conditions to rejuvenate degraded microstructures where standard heat treatment is not always suitable for the GTD-111. The long-term serviced specimens of GTD-111 were performed solution treatment at 1195 °C for 2, 3, 4 and 5 hours then following with primary aging at 1120 °C for 2 hours and finally following with secondary aging at 845 °C for 25, 50, 75 and 100 hours, respectively. All reheat treated microstructure were investigated and evaluated by SEM and image analyzer.
MATERIALS AND EXPERIMENTAL PROCEDURES

RESULTS AND DISCUSSION
Figure1. shows the received microstructure of GTD-111 turbine blade after long-term service at elevated temperatures. From the microstructure, it could be seen that the ' particle morphology had changed significantly to be degraded microstructural characteristics. The size and shape of ' particles became more coarsening and irregular morphology, respectively. No any required cubic shape with proper size of ' particle was observed. Therefore, the precipitation strengthening mechanism could be expected to be lower leading to the lower mechanical properties as well. obtain the proper microstructure, which is very similar to that of new material. Figures 2-5 show the reheat treated microstructures after various solution treatment and precipitation aging conditions. From all obtained results, it can be seen that the longer time of solution treatment provide the finer ' particles in final microstructures, as it can be seen in figure 2d ), 3d), 4d) and 5d). In the another hand, shorter period of solution treatment resulted in bimodal microstructures of ' particles. Therefore, it could be concluded that the longer period of solution treatment could more dissolve the previous coarse ' particles from after long-term service into the gamma matrix, especially solution treatment period in the range of 4 to 5 hours. The shorter solution treatment (2-3 hours) could not completely dissolve the previous coarse ' particles. Furthermore, it was also found that the longer period of precipitation aging result in bigger size of fine ' particles in cubic shape, see figures 5a)-5d).
For more details of area fraction and average size of ' particles show in Figures 6 and 7 . Figure 6 shows that the longer aging duration could provide slightly increasing in area fraction of γ' phase. The different in durations of solutioning treatment at temperature of 1195C did not provide significant effect. They all are in the range of 25-35%. Figure 7 shows that the average area (size) of each γ' particle always increased with longer aging duration. And after this long term aging, it had the same trend that shorter duration of solutioning treatment resulted in more coarsening size of γ' particles comparing to those of the same aging duration. 
CONCLUSIONS
From overall results, it could be concluded on the effect of alloy solutioning temperature as the following: 1. The longer solutioning temperature holds provided more uniform distribution of finer γ' particles. 2. The shorter durations of solutioning treatment (2-3 hours), then could not be completely dissolving of the previous coarse γ' particles. 3. When increasing aging duration, the γ' particles became more coarsened, which specimens with longer solutioning treatment provided slightly lower coarsening rates. 4. The area fractions in all cases is approximately 30 %, which were higher when the longer aging holds were provided.
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